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U BACKGROUND OF THE INVENTION 

I* Field of the Invention 

20 M The present invention is directed, generally, to an assembly having a multi-layer 

dielectric and its method of manufacture. 



Description of the Prior Art 

Dielectric layers are very important in the production of integrated circuits because they 
provide an insulating barrier between conductive layers and protect the underlying layers from 
such things as impurities, moisture, and stress related impacts. It is desirable that the dielectric 
layer fill the spaces between the parallel conductors. Otherwise, voids left between the 
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conductors can cause the circuit to fail for a variety of reasons, such as latent defects caused by 
impurities and moisture. Voids between the parallel conductors can also cause the circuits to fail 
due to electric shorts between structures formed subsequent to the dielectric deposition. 
Furthermore, certain dielectric characteristics cause undesirable effects, such as "cross talk" 

5 between parallel conductors of current. Accordingly, the quality of the dielectric layer is a factor 
in the reliability and performance of the integrated circuit. 

FIG. 9 illustrates a dielectric formation problem known in the art known as "shadowing", 
wherein some areas in the openings 118 between the structures 1 12 are more prone to developing 
voids 110 during the formation of the dielectric layer 102, thereby resulting in a less effective 

10 r|j integrated circuit. Various attempts have been made to reduce or eliminate shadowing, and 
yQ thereby improve the overall quality of the dielectric layer. 

J It is known to form multiple dielectric layers to provide benefits not available with a 

*J* single dielectric layer to improve dielectric quality. However, several deficiencies exist in the 
M; prior art. For example, it is known to form a multi-layer dielectric having an adhesive coating 
15 SI between each dielectric layer. The adhesive coating, however, introduces an additional step in 
the fabrication process, which reduces manufacturing efficiency and increases costs. Also, it is 
known to form three layers of dielectric material having varying degrees of quality and thickness, 
with the third top layer being relatively thick. Formation of a three layered dielectric, however, 
requires significant manufacturing time and cost, particularly when thickness and high quality 
20 are necessary characteristics of one of the layers. 

Accordingly, the need exists for an improved multiple layer dielectric providing good 
gap-fill characteristics, whereby only two layers are needed, and an adhesive layer is not needed. 
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BRIEF SUMMARY OF THE INVENTION 

The present invention is directed to an assembly having a substrate, an opening relative to 
the substrate, the opening having an aspect ratio greater than about two, a first dielectric layer in 
the opening wherein a portion of the opening not filled with the first dielectric layer has an aspect 
ratio of not greater than about two, and a second dielectric layer over the first dielectric layer. 
Reducing the aspect ratio of the opening by forming the first dielectric layer and completing the 
dielectric layer by forming the second dielectric layer may be achieved through changes in 
process settings, such as temperature, reactor chamber pressure, dopant concentration, flow rate, 
and spacing between the shower head and the assembly. 

The present invention also includes a method of forming a dielectric layer in an opening 
having an aspect ratio of greater than about two comprising forming a first dielectric layer in the 
opening wherein a portion of the opening not filled with the first dielectric layer has an aspect 
ratio of not greater than two, and forming a second dielectric layer over the first dielectric layer. 

The present invention also may be embodied in and used to form dielectrics associated 
with structures such as electrical conductors in integrated circuits, such as are used to form 
memory arrays, logic circuits, memory devices, processors, and systems. 

The present invention solves problems experienced with the prior art because it combines 
both quality and efficiency in the forming process. The present invention provides a dielectric 
layer and method of manufacture comprising a first layer dielectric having improved gap-fill at a 
low deposition rate as a first step, and an efficiently formed second dielectric layer as a second 
completing step. 

Those and other advantages and benefits of the present invention will become apparent 
from the description of the preferred embodiments hereinbelow. 



BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

For the present invention to be clearly understood and readily practiced, the present 
invention will be described in conjunction with the following figures, wherein: 

FIG. 1 is a cross-sectional view of a semiconductor of the present invention illustrating 
the dielectric layer of the present invention formed over a substrate; 

FIG. 2 is a cross-sectional view of an alternate embodiment of the dielectric layer of FIG. 
1 formed over a gate electrode; 

FIG. 3 is an alternate embodiment of the present invention illustrating a top surface of the 
first dielectric layer positioned below an edge of the structure formed over the substrate; 

FIG. 4 is an alternate embodiment of the present invention illustrating a first dielectric 
layer formed below an edge of the structure which is formed over the substrate so that a portion 
of the opening not filled by the first dielectric layer has an aspect ratio of not greater than two. 

FIG. 5 illustrates the relationship between average void length and deposition temperature 
for 6.9%PSGat200 torr; 

FIG. 6 illustrates the relationship between average void length and deposition pressure for 
6.9 PSGat530°C; 

FIG. 7 illustrates the relationship between average void area and suseptor spacing for 
2.7X7.2 BPSG; and 

FIG. 8 is a high level block diagram illustrating a system utilizing the dielectric layer of 
the present invention. 

FIG. 9 illustrates a prior art dielectric layer formation wherein a sizable void is formed in 
the opening due to the shadowing effect. 



DETAILED DESCRIPTION OF THE INVENTION 

It is to be understood that the figures and descriptions of the present invention have been 
simplified to illustrate elements that are relevant for a clear understanding of the present 
invention, while eliminating, for purposes of clarity, other elements. Those of ordinary skill in 
the art will recognize that other elements may be desirable and/or required in order to implement 
the present invention. However, because such elements are well known in the art, and because 
they do not facilitate a better understanding of the present invention, a discussion of such 
elements is not provided herein. 

The present invention will be described in terms of a doped silicon semiconductor 
substrate, although advantages of the present invention may be realized using other structures 
and technologies, such as silicon-on-insulator, silicon-on-sapphire, and thin film transistor. The 
term substrate, as used herein, shall mean one or more layers or structures which may include 
active or operable portions of a semiconductor device formed on or in the substrate. A substrate 
is often, but not always, the lowest layer of material. 

FIG. 1 is a cross-sectional view of an assembly 10 including a number of structures 12 
defining gaps or openings 18 formed on a substrate 8 and covered with a multi-layer dielectric 2 
including a first dielectric layer 14 and a second dielectric layer 16. The assembly 10 may be, for 
example, a portion of an integrated circuit, such as a portion of a memory array or a logic circuit, 
as may be used to form devices, such as memories and processors. 

The structures 12 are illustrated as being stepped structures, although they may take other 
forms. In the illustrated embodiment, the structures 12 have edges 20 that define the opening 18. 
Although only two openings 18 are illustrated in the drawings, any number of openings 18 may 



be present on or in the substrate 8. The structures 12 may be, for example, conductive patterns 
formed directly on the substrate 8, and may be formed, for example, from any conductor of 
current, such as aluminum and polysilicon. The structures 12 may be formed, for example, by a 
deposition and etch process. For example, a layer of aluminum may be deposited over the entire 

5 substrate 8, such as by chemical vapor deposition (CVD) or by sputtering. The layer may be 
masked, such as with photoresist, and subjected to a selective etch. Thereafter, the photoresist 
may be removed to leave the structures 12 illustrated in FIG. 1. 

The first dielectric layer 14 is formed with a relatively low deposition rate process and 
includes atop surface 15. The first dielectric layer 14 may partially fill the opening 18 or may 

io J completely fill the opening 1 8 and cover the edges 20. It has been discovered that openings 1 8 

i havin 8 as P ect ratios grater than about two are difficult to fill at relatively high deposition rates 

f]j 

f a* 1 * 1 often suffer from shadowing effects. As described hereinbelow, however, the method of 
* u forming the first dielectric layer 14 provides good gap-fill characteristics, even at high aspect 
\j. ratios of greater than about two. As a result, the first dielectric layer 14 may partially fill the 
is ji opening 18 so that the effective aspect ratio of the opening 18 is less than about two, as 
H illustrated in FIG. 4. The first dielectric layer 14 has desirable characteristics such as, for 
example, reducing "cross talk", thereby increasing reliability and performance. This benefit is 
realized when the opening 18 is completely or nearly completely filled, as illustrated in FIGS. 1 
and 3, respectively. 

20 The second dielectric layer 16 is formed with a higher deposition rate process than the 

first dielectric layer 14 to reduce processing time, and includes a top surface 17 that is above the 
opening 18. The second dielectric layer 16 may be formed at a higher deposition rate without 
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producing undesirable gap-fill characteristics because the first dielectric layer 14 has either 
completely filled the opening 18 or has reduced the aspect ratio of the opening 18. 

The first and second dielectric layers 14, 16 may be formed, for example, from silicon 
oxide, tetraethylorthosilicate (TEOS) oxide, silicon nitride, or oxynitride. The first and second 
dielectric layers 14, 16 may be formed, for example, through chemical vapor deposition (CVD) 
or sputtering. The relative deposition rates of the first and second dielectric layers 14, 16 may be 
controlled by changing one or more process settings during the formation of the dielectric layers 
14, 16. The process settings include temperature, pressure, dopant concentration, TEOS and 
dopant flow rates, and spacing between the suseptor or shower head 28 and the assembly 10. 

Several variables affect the gap-fill characteristics of the dielectric layer 2. For example, 
a deposition process using ozone and TEOS provides superior gap-fill properties over a process 
using hydride precursors such as silane and oxygen. It has been observed that some process 
conditions using ozone-TEOS deposition yield particularly good gap-fill results. For example, 
undoped films provide better gap-fill characteristics and create less voids than doped films. 
Also, high temperature and high pressure depositions provide better gap-fill characteristics than 
low temperature and low pressure depositions. In general, low deposition rate ozone-TEOS 
processes provide better gap-fill than high deposition rate processes. 

Controlling pressure to regulate deposition rates for the first and second dielectric layers 
14, 16 is particularly advantageous for purposes of the present invention because pressure change 
can be accomplished easily and quickly. Similarly, temperature may be controlled to regulate 
deposition rates, such as with rapid thermal processing (RTP) techniques. 

Changes in the process settings influence the deposition flow rate of the first dielectric 
layer 14 in order to reduce the aspect ratio of the opening 18 to not greater than about two. The 
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first dielectric layer 14 may be formed at the following chemical process settings in order to 
achieve low deposition rate: (1) a substrate temperature ranging from about 550°C to about 
600°C; (2) a reactor chamber pressure ranging from about 400 torr to about 760 torr when 
employing TEOS; (3) a dopant concentration of boron ranging from about 3% to about 5% by 
weight, preferably ranging from about 3% to about 4% by weight, and of phosphorus ranging 
from about 5% to about 8% by weight, preferably ranging from about 5% to about 6% by weight; 
(4) a TEOS flow rate from about lOOmg/min to about 300 mg/min; and (5) a spacing between the 
shower head 28 and the assembly 10 ranging from about 250 mil to about 300 mil. The first 
layer 14 may be formed, for example, employing ozone-TEOS at a temperature of 575 °C, a 
pressure of 600 torr, a boron and phosphorus weight percent of 3% and 8% respectively, a flow 
rate of 300 mg/min, and a shower head spacing of 275 mil. The first dielectric layer 14 may be 
formed at a deposition rate in the range of about 1,000 to about 2,000 A/min when employing 
ozone and tetraethylorthosilicate (TEOS). 

The second dielectric layer 16 may be formed at the following process settings in order to 
achieve high deposition rate: (1) a substrate temperature ranging from about 400°C to about 
500°C; (2) a reactor chamber pressure ranging from about 100 torr to about 300 torr when 
employing TEOS; (3) a dopant concentration of boron ranging from about 3% to about 5% by 
weight, preferably ranging from about 4% to about 5% by weight, and of phosphorus ranging 
from about 5% to about 8% by weight, preferably ranging from about 7% to about 8% by weight; 
(4) a TEOS flow rate from about 600 mg/min to about 700 mg/min; and (5) a spacing between 
the shower head 28 and the assembly 10 ranging from about 175 mil to about 200 mil. The 
second layer 16 may be formed, for example, employing TEOS at a temperature of 480°C, a 
pressure of 200 torr, a boron and phosphorus weight percent of 3% and 8% respectively, a flow 
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rate of 600 mg/min, and a shower head spacing of 200 mil. Advantages of the present invention 
may be realized from a single change in a single process parameter or as a combination of 
changes in two or more process parameters from the formation of the first dielectric layer 14. 
The second dielectric layer 16 may be formed at a deposition rate in the range of about 2,500 to 
about 4,000 A/min. when employing ozone and TEOS. 

Planarization may occur after formation of the first dielectric layer 14, after formation of 
the second dielectric layer 16, or both. For example, mechanical abrasion, such as chemical- 
mechanical planarization (CMP), and reactive ion etch (RIE) etch-back planarizing are 
particularly useful in preparing the dielectric layer 2 of the present invention for subsequent 
processing steps. 

FIG. 2 illustrates the assembly 10 in the form of a MOS transistor. The structures 12a, 
12b, 12c are contacts to source, gate, and drain portions, respectively, of the transistor 10. A gate 
oxide 22 is under the gate contact 12b, and doped regions 24, 26 are formed in the substrate 8 
under the source and drain contacts 12a, 12c, respectively. The assembly 10 may also be used, 
for example, to form capacitors and in memory arrays and logic arrays, such as may be used to 
form memory devices and processors. 

FIG. 3 illustrates another embodiment of the present invention wherein the top surface 15 
of the first dielectric layer 14 is below the top edge 20 of the structures 12, although still 
substantially filling the openings 18 therebetween. The second dielectric layer 16 is formed over 
and adjacent to the first dielectric layer 14. Although it is particularly beneficial to form the first 
dielectric layer 14 that fills the openings 18 between the structures 12 so that its top surface 15 
completely covers the top edge 20, as described above, it is contemplated that either by design or 
due to manufacturing variations, the top surface 15 of the first dielectric layer 14 may fall below 



the edges 20 of the structures 12 at various cross-sectional points along the top surface 15. In 
those situations, the first dielectric layer 14 will still provide a high quality protective and 
insulating layer between the structures 12. The slight depressions 30 that fall below the edges 20 
of the structures 12 would be covered and filled by the second dielectric layer 16, and would not 
adversely effect the overall performance of the dielectric layer 2. Furthermore, because the slight 
depressions 30 have an aspect ratio of less than about two, they can be effectively filled by the 
second dielectric layer 16. 

FIG. 4 illustrates another embodiment of the present invention wherein the top surface 1 5 
of the first dielectric layer 14 is substantially below the top edge 20 of the structures 12, so that 
the portion of the opening 18 not filled by the first dielectric layer 14 has an aspect ratio greater 
than the slight depressions 30 illustrated in FIG. 3, but still not greater than about two. The first 
dielectric layer 14 is formed at a low deposition rate that provides good surface mobility that 
reduces or eliminates voids as a result of the shadowing effect. The second dielectric layer 16 is 
formed over and adjacent to the first dielectric layer 14 at a high deposition rate to complete the 
forming process. The second dielectric layer 14 may be formed quickly to reduce the 
manufacturing time and cost. 

In operation, the present invention provides a dielectric layer 2 comprising a first 
dielectric layer 14 formed at a low deposition rate, and a second dielectric layer 16 formed at a 
higher deposition rate. The first dielectric layer 14 formed at the low deposition rate and process 
setting ranges described above provide good gap-fill characteristics during the first step when the 
impingement rate is low so that voids between the structures 12 due to the shadowing effect are 
either eliminated or greatly reduced. As a result, the first dielectric layer 14 provides improved 
protective, insulating and capacitive qualities in the critical gap areas between the structures 12 
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where it is most beneficial, to protect the circuit from impurities, moisture, and stress related 
impacts. After the first dielectric layer is deposited using a low deposition rate process, and the 
spaces between the structure 12 are either partially or completely filled, the second dielectric 
layer 16 is deposited at a high deposition rate, thereby saving manufacturing time and cost. 

In addition, the present invention provides a method of forming the multi-layer dielectric 
in openings 1 8 formed relative to the substrate 8. The first dielectric layer 14 is formed in an 
opening 18 having an aspect ratio greater than about two at the relatively low deposition rate to 
substantially cover the openings 18 between the structures 12 via the first set of process settings 
provided above. The second dielectric layer 16 is then formed over and adjacent to the first 
dielectric layer 14 at the relatively high deposition rate via the second set process settings 
provided above. The top surface 17 of the second dielectric layer 16 covers the opening 18 and 
completes the formation process. 

The same method described above is used to form the dielectric layer 2 illustrated in FIG. 
3 but for the top surface 15 of the first dielectric layer 14 being partially below the top edges 20 
of the structures 12 at various cross-sectional points along the top surface 15. In like manner, the 
same method described above is used to form the dielectric layer 2 illustrated in FIG. 4, but the 
first dielectric layer 14 is formed in an opening 18 having an aspect ratio greater than about two 
so that a portion of the opening 18 not filled by the first dielectric layer 14 has an aspect ratio not 
greater than about two. 

Examples 

The below examples are provided to show the relationship between various process 
conditions and void sizes measured in scanning electron microscope (SEM) cross-sections for 
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phosphosilicate glass (PSG) and borophosphosilicate glass (BPSG) films deposited under a 
variety of conditions. FIG. 5 shows the average void length versus deposition temperature for 
6.9% PSG at 200 ton. FIG. 6 shows the average void length versus deposition pressure for 6.9 
PSG at 530 °C. FIG. 7 shows the average void area versus suseptor spacing for 2.7X7.2 BPSG. 
In each of FIGS. 5-7, all other deposition parameters were held constant. FIGS. 5-7 show that 
processes having lower deposition rates have better gap-fill characteristics (smaller voids) than 
processes with higher deposition rates. 

FIG. 8 is a high level block diagram illustrating a system 50 including a first device 52, a 
bus 54, and a second device 56. The system 50 may be, for example, a memory system or a 
2 computer system. The first device 52 may be a processor, and the second device 56 may be a 
y3 memory. The first device 52 and the second device 56 may communicate via the bus 54. The 
+ first and second devices 52, 56 may include assemblies, such as conductors, including dielectrics 
'** formed according to the teaching of the present invention, that may be used to form memory 
m arrays and logic circuits. 

y j Those of ordinary skill in the art will recognize that many modifications and variations of 

the present invention may be implemented. The foregoing description and the following claims 
are intended to cover all such modifications and variations. 
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